Introduction
Disease transmitted by insects, and particularly by mosquitoes, pose some of the most serious health care problems in the World today. Well known examples include the transmission of malaria, filariasis and arboviruses by anopheline, culecine and aedine mosquitoes, respectively. The symptoms of malaria result from infection with protozoan parasites of the genus Plasmodium, commonly transmitted by Anopheles gambiae. Some 500 million people are estimated to be affected each year, with approximately 3 million deaths (Sturchler, 1989) . Moreover, the incidence of infection appears to be increasing, rather than being brought under control. The mosquito, Culex quinquefasciatus, is the principal vector of Bancroftian filariasis in a number of tropical regions. This severe and debilitating disease results from infection with the nematode worm Wuchereria bancrofti which, in many cases, can completely block the lymphatic system to cause elephantiasis (Sasa, 1976) . Each year, some 250 million people are believed to be infected with this parasite. Aedes aegypti, commonly known as the yellow fever mosquito, is the primary urban vector of a number of arboviruses (so called because they are arthropod borne) including yellow fever, dengue, dengue haemorrhagic fever (DHF), Japanese encephalitis and La Crosse fever. These acute diseases also affect millions of people and result in substantial mortality. Outbreaks tend to be sporadic with urban epidemics arising frequently, making DHIF a major cause of hospitalization and death among children in many Asian countries (Rudnick, 1967) . DHF results from serial infection with two of the four serotypes of the dengue virus. The presence of antibodies to one serotype appears to facilitate the invasion of macro-161 phages by the second dengue serotype, leading to subcutaneous and visceral organ haemorrhage. In some cases, children are born carrying maternal antibodies to a Dengue virus with the result that their first infection may lead directly to the more serious symptoms of DHF.
For a variety of reasons we, and others, have chosen to work with the mosquito Ae.aegypti. The increasing importance of this insect as an urban disease vector, together with its suitability for laboratory research and potential for genetical studies, has resulted in it being considered as a 'promising subject for genetic control' (Knipling et a!., 1968) . More recently, it has become the focus of research into mosquito molecular biology. It has a simple karyotype (2n = 6), consisting of three distinguishable chromosome pairs each of which has been extensively mapped. The species therefore has a rich source of genetic diversity. It is easily maintained and manipulated in the insectary and is amenable to mass rearing techniques. Females, the only sex that bites man, lay fertilized eggs after receiving a blood meal from an anaesthetized guinea-pig. These embryos can be dried and stored for up to three months before being stimulated to hatch in water. As a result of these attributes, more is known of the genetics and ecology of this insect than for any other medically or commercially important insect.
Under natural conditions, Ae. aegypti is widely distributed throughout the warmer countries (45°N-35°S) and is frequently involved in urban arboviral epidemics in Africa, Asia, Central and South America, the Caribbean and Southern USA. It has developed a particularly close association with man, travelling and colonizing with him and breeding readily wherever rain water collects, frequently in water containers, refuse and discarded car tyres.
Research over the last century has increased our understanding of the complex relationship between insect vectors, pathogens causing the disease and the human host. One way of interrupting this cycle is to suppress the insect, which acts as the vector, and a number of techniques have been tried. These include chemical control through insecticides and larvicides, biological control through natural predators or toxins, such as that produced by Bacillus thuringiensis, environmental control through the removal of breeding sites and the raising of public awareness and genetic control through the mass release of sterile males. Another genetic approach, which may become a possibility through the advent of recombinant DNA technology, would be to compromise the vectorial capacity of the insect.
Despite the current trend towards integrated pest management, in which several approaches are used in combination to suppress insect populations, the main emphasis for the control of Ae.aegypti is on the elimination of breeding sites and the application of chemical agents. There are now considerable problems associated with the use of synthetic insecticides. The most important of these is the seemingly inevitable evolution of resistance and there are now populations which are multiply resistant to all four classes of insecticidal compound (organophosphates, organochiorines, carbamates and pyrethroids). Coupled with this is the high cost of developing and registering new insecticidal variants, increasing legislation over their use and growing environmental awareness over their toxic residues. Genetic control, through the mass release of sterile Ae.aegypti males, has also been attempted but with little success (Grover, 1985) . This is now thought to be due to the poor competitive mating ability of treated males following chemical or radiological sterilization. Less traumatic sterilization treatments may increase the effectiveness of such a tragedy, as demonstrated by the successful eradication of the screw-worm fly from the Southern USA (Krafsur et at., 1987) . However, such autocidal strategies of population control often prove prohibitively expensive as they involve the repeated mass release of treated males (McDonald etal., 1977) .
Recent advances in recombinant DNA technology, and the generation of transgenic insects, herald a new era of genetic control. We anticipate that germ line manipulation of medically or commercially important insects may provide a useful alternative strategy.
Modifications to the genome would be inherited by subsequent generations, potentially removing the need for frequent mass releases. The ability to introduce and express foreign genes and/or disrupt existing gene functions may lead to the development of a variety of control strategies. It may be possible, for example, to produce pathogen-refractory strains, to reduce reproductive potential or vector competence, or to increase vector susceptibility to existing control measures. Such a facility would have two immediate advantages over conventional genetic techniques. One is the potential to exploit genes across species barriers and the other is the ability to introduce defined DNA sequences without the genome disruption which accompanies a conventional cross. Clearly, the usefulness of genetic manipulation as an approach to the control of insectborne disease has first to be assessed and there will be many practical, and perhaps ethical, difficulties to overcome. Nevertheless, transgenic technology clearly has considerable potential both for the furtherance of our understanding of mosquito molecular biology and for the development of novel genetic control strategies.
The requirements for genetic manipulation Despite the dramatic advances made recently with respect to genome manipulation in Drosophila melanogaster, there is an urgent need for a much greater understanding of the molecular biology of mosquito disease carriers. This must include an analysis of the complexity and organization of their genomes and an understanding of the distribution of coding and repetitive sequences. These details form an integral part of the design and interpretation of cloning and hybridization experiments. In addition, the exploitation of transgenic technology requires methods for the introduction of DNA both into living mosquitoes and into cultured cells. Ideally this will involve a transformation vector which is capable of directing efficient and stable integration into the chromosomes of the recipient. The introduced DNA has not only to be expressed but should also carry a selectable marker for the identification of transformed individuals or cells. Ultimately, there will be a need to study alternative promoter and enhancer sequences so that the spatial and temporal expression of the introduced DNA may be controlled. Finally, none of this will be of any relevance unless appropriate genetic target systems can be identified, cloned and characterized at the molecular level.
Genome characterization
The DNA of all higher eukaryotes is conveniently subdivided into three components, namely highly repetitive, moderately repetitive and unique or single copy sequences. In our laboratory, Julian Crampton, Ann Warren and Teresa Knapp have used reassociation kinetics to determine the total genome size and complexity and the individual complexities of the three components for Ae.aegypti DNA (Crampton et al., 1 990a) . Such experiments involve denaturing the DNA and measuring the reassociation of complementary strands over time. Generally, highly repetitive sequences will reassociate most quickly because there are so many copies whereas unique sequences will reassociate more slowly. The complexities of these components and of the total genome are determined by comparing the reassociation values with that of a single copy sequence of known complexity, namely E. coli DNA. Comparison of the genomic DNA from larvae and cells (Table 1) shows that the latter exhibits a twofold increase in total genome size. This may reflect aneuploidy in the cultured cells (Freslmey, 1986) or elevated levels of replicative transposition of endogenous transposable genetic elements (part of the moderately repetitive component) as found in D. melanogaster following the culture and passage of embryonic cells (Potter et al., 1979) . Clearly, the normal constraints of differentiation and homeostasis, which regulate such functions in the living insect, are absent in the cell line.
The data in Table 1 show that the Ae.aegypti genome is both large and complex, being five times larger than the genome of Drosophila or, to place it in context, one-third the size of the human genome. Of equal importance, however, is the way in which the different components are distributed throughout the genome. Black & Rai (1988) suggest that the existence of two basic organization patterns throughout all sequences alternating with very long (> 13 kb) uninterrupted stretches of unique-sequence DNA. Clearly, the evolution of such organization is an interesting phenomenon in itself and the family Culicidae (to which the mosquitoes belong) may be of particular interest. According to Black & Rai (1988) , this is the only family so far shown to contain species that exhibit both patterns of organization and it may, therefore, explain how the transition from one to the other occurs.
Reassociation kinetics, together with screening experiments in which Ae.aegypti genomic libraries were hybridized with total genomic and rDNA probes, show clearly that this species has a SPI pattern. Thus, almost every clone isolated from genomic libraries will contain repetitive DNA and this may well mask the hybridization characteristics of sequences of interest (particularly single copy sequences) when using complex genomic probes. This is in direct contrast to an organism like Drosophila, which displays a LPI pattern, where cloned sequences are more likely to consist entirely of either repetitive or unique DNA. In insect studies to date, Anopheles quadrimaculatus, Drosophila melanogaster, Apis mellifera, Sarcophaga bullata and Chironomous tentans have been shown to exhibit the LPI pattern. Conversely, Aedes aegypt4 Culex pipiens, Aedes triseriatus, Aedes albopictus, Lucilia cuprina, Musca domestica, Bombyx mon and Antherea pernyi exhibit the SPI pattern (Black & Rai, 1988; and T. Howells personal communication). There appears to be no simple relationship between genome size and organization.
Because of the SPI pattern of genome organization in Ae.aegypti we have made considerable use of short synthetic oligonucleotide probes and we have become increasingly aware of variations in codon usage between different organisms. An analysis of related maltase genes in D. melanogaster (Snyder & Davidson, 1983) , Ae.aegypti (James et a!., 1989) and Saccharomyces carisbergensis (Aota et al., 1988) shows some typical differences. Considering the proportions of each of the four nucleotides at each of the three codon bases, over 90% of the total variance resides at the third base. For this base Drosophila shows a clear preference for the nucleotides G or C (72%) whereas Saccharomyces is biased towards A or T (6 1%). No clear preference is seen for the mosquito gene although there is a slight excess of the nucleotides G and C. Given these differences, it is clear that Drosophila sequences may not always make suitable probes and this is one reason to support the use of oligonucleotides. However, oligonucleotides used to probe Ae.aegypti libraries should ideally be synthesized as mixed populations incorporating variable third base nucleotides.
The development of transgenic technology
Germ-line transformation of insects and transfection of cultured cells requires the establishment of appropriate techniques for the introduction of a eukaryotic DNA transformation vector. This should be capable of directing the efficient and stable integration of DNA sequences into the chromosomes of the recipient, as well as providing some means for the identification of transformants. The transposable genetic P element from D. melanogaster has been used in a variety of insect species in an attempt to create transgenic individuals and appropriate transformation vector constructs are now used as a routine research tool in Drosophila.
P elements (Engels, 1988 ) are a distinct class of transposable element discovered when a syndrome of correlated genetic traits (hybrid dysgenesis) occurred if male flies from P strains (normally from wild populations) were mated with M strain females (normally from laboratory populations). A series of abnormalities resulted, which included high rates of mutation, male recombination, chromosomal rearrangements, sterility, abnormal germline development and meiotic drive. Genetic observations showed that a number of these mutations were unstable and had high reversion frequencies, all of which led to the hypothesis that P strains carry a family of transposable sequences called P elements. The abnormalities only arise in hybrids because of the absence of a repressive factor which, although not fully understood, is normally found in P strains. It is now thought that P factors have arisen in wild Drosophila only within the past 30 years. The P element family consists of intact elements (2.9 kb) and a heterogeneous group of smaller elements (0.5-2.5 kb) which are derived from the intact element by internal deletion. The intact element encodes a transposase enzyme which catalyses excision and transposition. The smaller elements lack this function and are incapable of transposing themselves. They can, however, transpose when supplied with functional transposase in trans by an intact element. All P elements carry perfect 31 bp inverted repeat sequences at their ternuni that are absolutely required for excision and transposition. This process results in an 8 bp duplication at the target site. P elements are capable of precise excision which leaves behind a single copy of the 8 bp sequence. More frequently they will excise imprecisely leaving part of the element behind or removing flanking sequences.
The pUChsneo transformation vector (Fig. la) carries only the inverted terminal repeats of the P element. Between these termini it has been engineered to carry an antibiotic resistance gene, as a marker for the identification of transformed individuals, and a site where foreign DNA can be ligated. The inverted repeats are joined by 500 bp from the white locus of Drosophila, which may function as a hybridization probe to distinguish random integration events from precise P-mediated transposition (Miller et al., 1987) . The latter would involve only those sequences within, and including, the inverted terminal repeats of the P element, but excluding the white locus DNA. In our experience however, this diagnostic feature is limited, perhaps because of a low frequency of precise excisions. The site of integration of foreign DNA within the genome, rather than the precision of the mechanism, is likely to be of greater importance to normal gene expression.
Transposition of vector sequences and integration into the genome will only be mediated by the terminal repeats if they are supplied with a functional transposase. A helper plasmid, pUChsrr(A2-3), which carries the entire P element transposase coding region (Fig. ib) , is therefore introduced with the transformation vector. Although the helper carries most of the P element sequences, it is unable to transpose and integrate into the genome because of a specific deletion in one of its terminal repeats (Steller & Pirrotta, 1985) .
The sole function of the helper is therefore to supply transposase and, in Drosophila, further injections of helper have been used to switch transposition on in those generations following the initial transformation.
Normally, P element transposition occurs only in the germ line of Drosophila because the intron between open reading frames 2 and 3 of the coding sequence is not removed in somatic tissue. However, transposase expression from constructs which have been modified in vitro to remove this intron (Fig. ib) , does allow transposition in somatic tissue. There is now good evidence that similar processing problems prevent normal P element transposition in non-drosophiuids (O'Brochta & Handler, 1988) although excision has been observed in mammalian and yeast cells (Rio et al., 1988) . If there is a requirement for non-P elementencoded proteins to achieve transposition in Drosophila, then the distribution of homologous genes in related genera may explain the divergent results The pUChsr(A2-3) helper plasmid carries the entire P transposase coding sequence (exons 0, 1, 2 and 3), which is transcribed under the control of the Drosophila heat shock promoter, hsp70. The sequence has been modified in vitro to remove the intron between open reading frames 2 and 3 in order to overcome the germ line specificity observed in Drosophila, and cloned into pUC 18. One of the inverted terminal repeats of the P transposable element carries a 23 bp deletion which prevents the integration of the helper into the recipient genome.
obtained in other insects. In our laboratory, Alison Morris has detected the integration of pUChsneo sequences in Aeaegypti (Morris et a!., 1989) and similar results have been obtained in An.gambiae (Miller et al., 1987) Research in other laboratories is now being directed towards the identification of these accessory Drosophila proteins and the cloning of the genes involved may facilitate high efficiency P transposition in nondrosophilids.
Micro-injection of Aedes aegypti embryos
Unlike that of Drosophila, the rigid, opaque endochorion of the mosquito embryo cannot be removed, and the embryos are extremely sensitive to desiccation.
In our laboratory, however, Alison Morris and lain
Comley have shown that glass capillaries with tips of 100-300 um x 4-10 1um can be used to puncture the rigid endochorion without tearing it and deliver the DNA solution without damage to the embryo (Fig.  2a,b) . The slightly viscous DNA solution cannot be expelled manually from such a fine needle and is there-
fore injected by means of a two-phase nitrogen supply. The lower pressure prevents backflow and the higher pressure delivers 160-800 p1 of DNA solution (corresponding to 1-5% of the embryo volume) into the posterior pole of the embryo at the syncitial blastoderm stage, before cell partitioning occurs. This is where the pole cells, which are the germ line primordia, develop. Experience from Drosophila suggests that injection of DNA close to the site of pole cell formation is not critical to germ line incorporation, but the timing is clearly important if the DNA is to be taken up by the developing germ line cells. All our injections are normally completed within two hours of oviposition. After injection, the embryos are covered with a watersaturated halocarbon oil, which permits the normal uptake of water until they are returned to standard insectary conditions. In this way transformation vector sequences have been introduced into the embryos, with survival rates comparable to those obtained with Drosophila (Spradiling & Rubin, 1982) . The basis of the experimental design is shown in Fig.   3 and the molecular nature of any transformation events is determined by DNA analysis using radioactively labelled transformation vector DNA to probe Southern blots of genomic DNA extracted from the putative transformants and their progeny (Miller et that integration has occurred in the germ-line of the mosquito and that this DNA shows normal Mendelian inheritance. Some of these events, however, appear to be unstable from one generation to the next and this phenomenon, together with the molecular basis of the transformation events is currently being investigated.
Transformation of Aedes aegypti cells in culture
The transfection of cells in culture can give many insights into the molecular biology of an organism. The simple, controlled environment of cultured cells allows one to follow the expression of cloned genes, and so delineate promoter and enhancer sequences. Genetically manipulated cell cultures are also able to overproduce specific proteins which facilitates their isolation and purification.
In our laboratory, Gareth Lycett has used cultured mosquito cells to examine different transfection vectors and to help establish a suitable system for germ-line transformation of Ae.aegypti (Lycett, 1990 (Wigler et al., 1977) , dextran sulphate (Lopata et al., 1984) polybrene (Durbin & Fallon, 1985) , electroporation (Chu et a!., 1987) and lipofection (Feigner et a!., 1987 shown to transpose actively in a number of evolutionary disparate organisms and may prove to act autonomously in mosquitoes (Kunze & Starlinger, 1989) . By using cDNA clones it is hoped to overcome the problems of transposase processing seen with existing constructs. We are also actively searching for endogenous transposable elements which may yet prove to be the most suitable transformation vectors. In addition, we feel that there is a need for improved selectable marker systems for the identification of transformed individuals and cells. A number of research laboratories have now reported problems with the existing neomycin resistance technique. In our experience, the main problem is the low activity of the neomycin phosphotransferase produced by the Tn5 neo gene in the transformation vector. In addition, Ae.aegypti cells appear to have a tendency to retain intact vector plasmids which do not integrate into the recipient chromosomes but which transiently express antibiotic resistance. Gareth Lycett is now investigating alternative selectable markers including the Tn903 neomycin resistance gene, which has been reported to show much higher phosphotransferase levels in yeast cells (Langhinrichs et at., 1989) , and hygromycin 
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used routinely in Drosophila. This, however, will have to await the results of cloning experiments currently underway in our laboratory. We also feel that it is important to use our existing procedures to begin to analyse the control of gene expression in transgenic mosquitoes. To this end we are using fi-galactosidase and CAT reporter gene fusions both to investigate the functional expression of heterologous proteins and as a test bed for the isolation of mosquito promoter sequences. These will ultimately be necessary to control the temporal and spatial expression of introduced genes.
Transposable genetic elements in the mosquito genome The isolation of endogenous transposable genetic elements may ultimately prove central to the development of efficient transformation and transposon tagging systems in mosquitoes. Two approaches were initially envisaged for identifying mobile elements in the Ae.aegypti genome. The first was to analyse specific gene systems, in particular the rDNA and the white eye locus, in an attempt to isolate variants of these genes which may have arisen from the insertion of transposons. Most of this work has concentrated on the rDNA which has a repeat unit of 9.0 kb in Ae.aegypti.
Individual rDNA repeats exhibit a high degree of homogeneity with respect to length and the position of restriction enzyme recognition sites. Preliminary mapping data, together with partial digestion experiments, carried out by Kevin Gale, demonstrate that as in all other higher eukaryotes, the rDNA repeats are arranged in a head-to-tail, tandemly repeating manner (Gale & Crampton, 1989) . The estimate of rDNA repeat copy number in Ae.aegypti, obtained by Kevin Gale (approximately 500 copies per haploid genome), is similar to that of 430 copies per haploid genome reported for the closely related species, Ae.albopictus. Ribosomal DNA thus comprises approximately 0.6 per cent of the total Ae.aegypti genome. An analysis of the variation between strains of Ae.aegypti has served to confirm the remarkable homogeneity of the rDNA repeat unit in this insect and mapping shows that what variation there is derives from restriction enzyme site polymorphisms rather than insertions of mobile elements.
The second approach was to identify DNA sequences which share biochemical and structural properties with previously well-defined eukaryotic transposable elements. Of particular interest were the class of transposable element known as retrotransposons, a characteristic feature of which is their representation in the extrachromosomal fraction of the genome, To this end, Ann Warren has isolated extrachromosomal DNA from Ae.aegypti and used cloned extrachromosomal sequences to probe Southern blots of total genomic DNA. One such clone, pXl6, displays intraspecific variation in chromosomal distribution and genome copy number, both of which are diagnostic features of transposable elements. Estimates of copy number range from 30 in the Bangkok strain to 600 in the Mos 20 cell line, thus confirming the middle repetitive nature of the pXl 6 insert sequence. Further analysis has shown that pXl6 has an RNA representation (as might be expected for a retrotransposon) and partial sequence data shows considerable homology to the consensus sequence in several retroviral and retrotransposon reverse transcriptases. These properties clearly indicate the mobile nature of pXl6 and, moreover, its isolation as a circular, extrachromosomal molecule suggests a similarity with retrotransposons rather than non-viral retroposons. Integrated copies of this element are being sought using cosmid libraries and sequence analysis of the terminal regions and adjoining host sequences will detect structural hallmarks, such as long terminal repeats and direct host repeats, flanking the integrated element. This will ultimately allow the unambiguous classification of the pX 16 element.
Potential target genes for manipulaton Several types of useful target gene can be envisaged. There are those that render populations vulnerable to subsequent control measures (such as insecticide susceptibility, temperature sensitivity or inability to survive diapause); those that interrupt disease transmission by replacing vector with non-vector forms and those that disrupt normal fertility, development or behaviour (Fig. 4) . Attempts are now being made to isolate a number of these genes.
Changes in esterase activity are correlated with insecticide resistance in a number of insects and the esterases which are involved in organophosphate resistance in Culex quinquefasciatus have been cloned and characterized, both in this laboratory by Alison Merryweather, and by researchers elsewhere (Mouches et al., 1986; Merryweather et al., 1990) . In addition, the Ae.aegypti cytochrome P-450 genes, which are involved in more general detoxification mechanisms, have now been isolated in our laboratory by Roger Gerke Bonet (Bonet et al., 1990) .
A number of genes are of particular interest because they are directly implicated in the ability of the insect to transmit parasites. Examples include the filarial susceptibility (fm) and Plasmodium susceptibility (pis) loci of Ae.aegypti. The ftm locus is genetically well (Macdonald & Ramachandran, 1965) . There is marked variation in the susceptibility of this mosquito to different filarial worms, although all of the alleles concerned map at about the same place on the sex chromosome. We are currently attempting to clone this gene by microdissection from the polytene chromosomes. Sequences isolated in this way will be used to initiate chromosome walks (probably in conjunction with jumping, linking and cosmid libraries) into the region of interest.
For similar reasons we are interested in the genes that code for insect immune proteins, such as the attacins, cecropins and diptericin (Boman et al., 1987) .
These proteins are induced in response to infection and are likely to be involved in the ability of insects to transmit pathogens. Various sequences of interest have now been isolated in our laboratory by Teresa Knapp, using appropriate synthetic oligonucleotide probes, and these are currently being characterized. Genes involved in the control of development may provide useful targets for future genetic manipulation. Of particular interest are those sequences thought to exert a controlling influence on the developmental cascade by acting as transcriptional regulators.
Examples include the homeobox sequences, first identified in Drosophila (Gehring, 1987) and the so-called zinc finger genes. Oligonucleotide and heterologous genomic probes have been used to clone a number of putative homeobox genes from Ae.aegypti and these are currently being analysed by restriction mapping and sequencing.
The genes involved in controlling other physiological processes may also provide interesting targets for insect control. For instance, the per gene is involved in controlling circadian rhythms in many organisms including insects (Hardin et al., 1990 Fig. 4 Schematic representation of a number of genetic target systems and the ways in which they interact with the life cycle and disease transmission cycle of the mosquito, Aedes aegypti. Each target system has been suggested on the basis of two criteria. The first is that the genes involved must have potential for the suppression of mosquito populations or interruption of the disease transmission cycle. Secondly, there must be an accessible procedure by which the relevant genes can be isolated and cloned for analysis. In many cases, this will involve the use of heterologous probes from related insects, although it may demand a more direct approach based on a knowledge of the genetics and biology of the Aedes mosquito itself. Further details of the individual systems are included in the text.
this gene controls the timing of eclosion and some rhythmic components of courtship song (Reddy et a!., 1984) . Homologous sequences have now been isolated from Ae.aegypti by Julian Crampton and Teresa Knapp and these will be used to analyse the behavioural role of this gene in the mosquito.
Other potentially useful targets would be sterility or mating incompatibility mechanisms known to have a genetic basis. Examples of particular interest would include the mating incompatibility generated by Rickettsia-like micro-organisms in various insects (Bimiington & Hoffmann, 1989 ) and the reduced fertility caused by mobile element transposition (for example by P elements) in Drosophila (Engels, 1988) .
Finally, we intend to explore the potential of antisense sequences to switch off the normal expression of genes. This can be accomplished by creating a transgenic mosquito such that the antisense strand of the artificial gene, rather than the sense strand, is transcribed (Day, 1989) . The resulting antisense mRNA binds to the normal mRNA forming double helices that cannot be translated by the ribosomes.
Transgenic mosquitoes in natural populations Now that the technology for the introduction of artifical genes is becoming established, it is necessary to consider the problems likely to be faced in experimental and natural populations. It may well be that such a situation would disrupt the normal adaptive process and therefore be opposed by natural selection. If this is so then some form of drive mechanism may be needed to force the desired gene through the population. This is not an alien concept to those who have worked on the genetic control of insect populations. However, the testing of such mechanisms has been limited as, in reality, they have awaited the advent of recombinant DNA technology to provide the necessary raw material.
Two types of drive mechanism have been suggested.
One is meiotic drive, where a given chromosome is transmitted to more than the expected 50 per cent of offspring. Any desirable genes linked to the driven chromosome would eventually approach fixation even with the release of relatively few individuals. There is experimental evidence to support the use of meiotic drive in Ae.aegypti. This mechanism, driven by the M' locus has been used to force the marker gene re (red eye) into a laboratory cage population (Wood et a!., 1977) . Interestingly, meiotic drive also occurs during hybrid dysgenesis and it might, therefore, also be possible to exploit this phenomenon by using P elements in Ae.aegypti. The second type of drive mechanism is the exploitation of genetic traits that reduce heterozygote fitness (Curtis & Graves, 1988 (Whitten, 1970) . Ideally, the insecticide resistance gene would be fused to the desirable gene and introduced as a unit to prevent disruption of useful combinations by meiotic recombination. The most useful end result of such programmes would be the progressive replacement rather than the eradication of disease-transmitting populations as an emptied ecological niche might be colonized rapidly by the migration of wild types.
Eventually, embryo transformation will provide the raw material to test these proposed drive mechanisms properly in laboratory and natural populations. The possible hazards of releasing this type of manipulated organism are difficult to assess in the absence of experimental evidence and will clearly require regulation. However, the potential of this technology is such that it must be explored, not only in the mosquito, but probably in many medically or commercially important species. Only then can a sensible assessment be made of the balance between likely benefits and potential problems.
